Abstract The reaction of five amphipathic-type thioesters, CH 3 (CH 2 ) m COS(CH 2 ) n COONa (m + n = 12), with cysteine hexyl, butyl, and ethyl esters were studied in aqueous medium. Compounds with the thioester group in close proximity to the carboxylate moiety (m = 10, n = 2) afforded amides in almost quantitative yield, whereas no reaction proceeded by using compounds with the thioester group distant from the carboxylate. In contrast, no clear difference in yield was observed among the five amphipathic-type thioesters upon reaction with valine hexyl ester. The results indicate that the reaction is affected by both the position of the thioester group and the hydrophilic/hydrophobic properties of the amino acid side chain.
Organic reactions in aqueous media are useful in organic chemistry because of their convenience, benign nature, and unique chemical behavior 1 in which hydrophobic interactions between substrates play an important role.
2 For example, the Diels-Alder reaction is accelerated in aqueous media. 3 Various organic reactions are also recorded in micellar systems. 4 We have been studying the formation of amides from thioesters and amines in water, which is a fundamental reaction in biochemistry. Previously, Kawabata and Kinoshita studied the dimerization and polymerization of several thioamino acid S-dodecyl esters and reported that the amidation reaction probably occurred on the micellular surface. 5 We have reported that the yield of amides from the reaction of amphipathic thioesters and n-alkylamines depends upon the chain lengths of both substrates. 6 Amphipathic-type thioesters also react with some amino acid hexyl esters, but the reactions required reflux conditions due to the reduced nucleophilicity of the amine moiety. 6 We recently compared the reactivities of amphipathic thioesters 1-5 [CH 3 (CH 2 ) m COS(CH 2 ) n COONa, m + n = 12] and reported that the position of the reaction site affects the amidation reaction. 7 Compounds 1 and 2 reacted with various alkyl amines to afford amides in good yields, whereas amides were obtained with relatively low yields from 5 (Scheme 1). Amphipathic thioesters 1-5 form micelles in aqueous media, and the results suggested that the reaction occurs mainly on the micelle surface.
Scheme 1 Reaction of amphipathic thioesters with amines 7
In the present study, to clarify the effect of side chain in the amino acid ester, we examined the reaction of 1-5 with both cysteine and valine esters. The formation of amides from cysteine derivatives is easier than from other amino acid derivatives because the reaction proceeds through a native chemical ligation (NCL) process.
8 Herein, we report a dramatic difference in reactivity that is dependent on chain length in the reaction of amphipathic thioesters with cysteine esters.
Compounds 1-5 were prepared as previously reported 7 and reacted with cysteine hexyl ester (6) 9 in water; the results are shown in Table 1 . 10 All reactions were carried out at 20 mM 1-5, which is above the critical micelle concentration (CMC) of each thioester.
7 When 1 was reacted with 6 in water at room temperature for 24 h, amide 7 11 was ob-
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tained in 96% yield (entry 1). Compound 2 afforded 8 12 in 90% yield (entry 2). In contrast, 3-5 did not react with 6 (entries 3-5). The reactions of valine, leucine, isoleucine, and phenylalanine hexyl esters with 1 proceeded in refluxing water; 6 whereas the reaction of 6 with 1 and 2 proceeded at lower temperature.
A dramatic difference in yield was also observed when the reactions were carried out in refluxing water: 1 and 2 afforded amides 7 and 8, respectively, in almost quantitative yield (Table 1 , entries 6 and 7); whereas 3-5 did not afford the corresponding amide (entries 8-10). The reactions were attempted using a higher concentration of 4 and 5, but no product was obtained (entries 11 and 12). For reference, the reactions of 1-5 with valine hexyl ester (9) 6,9 were examined under the same conditions and the results are shown in Table 2 . No reaction occurred at room temperature (entries 1-5), whereas amides 10, 6 11, 13 12, 14 13, 15 and 14, 16 were obtained in moderate yields from 1-5, respectively, after reflux (entries 6-10). The differences in yields between substrates were not pronounced.
Kawabata and Kinoshita reported differences in the reaction of ethyl thioesters and dodecyl thioesters with thioamino acids.
5 Compounds 1-5 were treated with cysteine ethyl ester (15) 9 and their reaction with hexyl ester 6 was compared (Table 3) . Only 1 afforded the corresponding amide 16, 17 in 73% yield (entry 1). Compound 2 afforded a trace amount of amide (entry 2), and 3-5 did not afford amide (entries 3-5).
Table 3 Amidation Reaction of Thioesters 1-5 with Cysteine Ethyl
Ester (15) a,b
Compound 2 gave different results in the reaction with cysteine hexyl ester (6) and ethyl ester (15). Thus, the reaction was further examined by using butyl ester 17 9 (Table  4) . Compound 1 afforded the corresponding ester 18 18 in 89 % yield, as expected (entry 1). Compound 2 afforded 19 19 in low yield (entry 2), suggesting that the reaction was slow. Indeed, after longer reaction time, 19 was obtained in good yield (entry 3). The difference in yield based on the position of the reaction site in long-chain amphipathic-type thioesters 1-5 was distinct for cysteine esters, whereas no such difference was observed for valine ester. The difference was moderate for n-alkyl amines. 7 These results indicate that the difference in yield is affected by not only the position of the reaction site (thioester group), but also by the nature of the amino acid side chain. Cysteine esters form a zwitterionic structure under the reaction conditions (pH ca. 8.5). Due to this highly hydrophilic moiety, the reaction site of 6 (the thiolate moiety) is restricted to the micelle surface and thus the two reaction sites (the thiolate and thioester moieties) are in close proximity in the reaction of 1 and 2 (Figure 1a ) but distant in 3-5 (Figure 1b) . In contrast, valine hexyl ester 9 can penetrate the micelle due to the presence of a hydrophobic isopropyl group, resulting in the formation of amides from thioesters 1-5 (Table 2) .
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Differences were also observed in the reaction of 2 with cysteine esters. The yield of amide was 98% (at reflux temperature) using hexyl ester 6, whereas only a trace amount of product was detected in the reaction with ethyl ester 15. Compound 15 is water soluble, and its ethyl group is too short to provide a hydrophobic effect. Consequently, 15 probably remains mainly in the bulk water and thus reacts only with 1, the reaction site of which locates on the micelle surface. Slow reaction of 2 and 17 suggests that hydrophobic interaction with butyl group is limited.
In conclusion, a dramatic difference in yield based on the chain length of amphipathic-type thioesters was observed when reacted with cysteine esters in water. In the reaction of a micelle-forming thioester and an amino acid ester, both the position of the reaction site in the thioester and the hydrophilic/hydrophobic nature of the amino acid side chain are important factors. The present findings may be applied to substrate-specific reactions.
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